Objective: Radiation therapy (RT) is a useful adjuvant tool for acromegalic patients not cured by surgery and/or not responding to pharmacotherapy. However, its specific effects on cardio-and cerebrovascular morbidity are still on debate. Design: Retrospective analysis of 42 acromegalic patients cured after conventional radiotherapy (CRT, nZ31) or radiosurgery by gamma-knife (GKRS, nZ11) followed for a median period of 16.5 years (range: 2-40). Totally, 56 patients cured by surgery alone, with similar GH/IGF1 levels and duration of disease remission, served as control group. Methods: Changes in cardiovascular risk factors, such as body mass index, glucose metabolism, insulin resistance, blood pressure, and lipid profile (pre-defined primary end point) and occurrence of new major cardio-and cerebrovascular events (secondary end point) during follow-up. Results: The number of obese, hypertensive, and dyslipidemic subjects increased over time only in patients cured with RT. In contrast, the glucose response to the oral glucose tolerance test and the percentage of subjects with glucose alterations improved only in controls. As expected, the percentage of patients with pituitary failure was deeply higher among RT patients than among controls (86 vs 30%, P!0.0005). Despite these findings, a similar number of RT patients and controls developed major cardio-or cerebrovascular events (4/42 vs 3/56, P: NS). No differences were found between CRT and GKRS subgroups. Conclusions: Previous RT seems to be associated with a worse metabolic profile in acromegalic patients studied after a long-term follow-up. Nevertheless, a direct link between RT and cardiovascular events remains to be proven.
Introduction
Acromegaly is an insidious disease caused by chronic GH and insulin-like growth factor 1 (IGF1) hypersecretion associated with increased morbidity and mortality mostly due to cardiovascular causes (1, 2) . Cardiac diseases typically include a cardiomyopathy further deranged by some co-morbidities, which act as cardiovascular risk factors (i.e. abnormal glucose metabolism, insulin resistance, and arterial hypertension (1) (2) (3) . Nevertheless, it is still unclear whether and to what extent acromegalic patients are at risk of coronary heart disease and atherosclerosis (4) (5) (6) . Excess of hormone seems to be the main factor predictive for reduced life expectancy (1, 7, 8) . Thus, treatment of acromegaly aims to restore normal GH/IGF1 levels and to control both tumor growth and acromegaly-related complications in order to normalize quality of life and mortality, while trying to preserve anterior pituitary function (9) . In this context, transsphenoidal surgery (TNS) and pharmacological therapy with long-acting somatostatin analogues (SSa) represent the most successful treatment options in clinical practice.
Radiation therapy (RT) is currently considered as a useful adjuvant tool mostly for difficult patients not successfully operated and/or inadequately responsive to SSa therapy (10, 11) . Fractionated external megavoltage radiotherapy is only slowly effective on both tumor growth and GH hypersecretion and shows variable response rates. In recent studies, biochemical remission is reported in 30-80% of patients 10-20 years after RT with a high incidence of secondary hypopituitarism (12) (13) (14) . More recently, different stereotactic radiosurgery techniques, delivered in a single dose (i.e. gamma-knife, LINAC, Cyberknife, and proton beam), have been developed. In particular, gamma-knife radiosurgery (GKRS), the most investigated technique, has been reported to induce biochemical regression of acromegaly in 17-82% of cases in a short period of time with a variable frequency of pituitary failure (15) (16) (17) (18) . Nowadays, conventional radiotherapy (CRT) is usually performed in patients with diffuse and/or large tumor residuals, whereas GKRS is preferentially used for circumscript low-volume residuals localized far from the optic pathways (15) .
It is well known that successful TNS is the only treatment able to reverse most acromegalic co-morbidities, including metabolic and cardiovascular diseases, normalizing life expectancy (19) (20) (21) . In contrast, the long-lasting effects of chronic SSa treatment on cardiovascular mortality are still unknown, whereas those on glucose metabolism seem to be largely negative, even if this remains a matter of debate (21) (22) (23) . RT has directly been associated with an increased mortality, mainly due to cerebrovascular causes, in patients with acromegaly and other pituitary disorders (7, 8, 24, 25) . In addition, hypopituitarism, which is frequently induced by RT, has also been associated with increased mortality, predominantly for cardiovascular reasons (26) (27) (28) . Thus, the definitive role of either RT per se or pituitary failure on the increased risk of cardio-and cerebro-vascular diseases in acromegaly has not been clearly demonstrated. Furthermore, the long-term influence of previous pituitary irradiation on single cardiovascular risk factors and metabolic parameters has been previously poorly investigated (12) . Finally, the specific effects of GKRS on cardiovascular morbidity and mortality have not yet been investigated.
The predefined primary end point of this retrospective study was to compare the long-term effects of successful radiotherapy on glucose metabolism and other cardiovascular risk factors with those obtained after successful neurosurgery alone. Secondary end point was to evaluate the occurrence of major cardio-and cerebrovascular events during the follow-up. In order to avoid the possible influence of chronic GH/IGF1 hypersecretion and SSa administration, we selected only those patients who were cured for a minimum of 2 years while not receiving any pharmacological treatment for acromegaly (i.e. nZ62 out of 121, 50 in Milan and 12 in Wuerzburg). Disease remission was established according to the absence of acromegaly-related symptoms and to the biochemical criteria valid at the time of the evaluation (post-glucose GH nadir !1 mg/l and normal IGF1 (29, 30) . Moreover, only patients with available hormonal and metabolic data both at the time of treatment (baseline) and after the long-term follow-up were considered suitable for the study. Thus, we excluded from the study 20 patients with too short follow-up (eight were lost at the follow-up, six had moved to another town, five were cured for !2 years, one had died because of acute myocardial infarction (AMI) 1 year after RT). Therefore, a total of 42 acromegalic patients (11 males and 31 females, age: 55G12 years, 33 in Milan and nine in Wuerzburg), cured after CRT (nZ31) or GKRS (nZ11) and followed for a median period of 16.5 years (range: 2-40), were included in the present analysis. Most of them had previously undergone unsuccessful surgery (nZ39). In these cases, RT was performed after a median period of 12 months from TNS (range: 0-156).
Materials and methods
A total of 56 acromegalic patients (24 males and 32 females, age: 57G11 years, 46 in Milan and ten in Wuerzburg) treated with TNS alone and cured for O2 years were also investigated as control group.
Historical, clinical, and hormonal data from all the patients at baseline are summarized in Table 1 .
Study protocol
All the clinical, hormonal, and biochemical data recorded for each acromegalic patient at baseline, i.e. immediately before radiotherapy and after a long-term follow-up (at least 2 years after disease remission), were collected from patient's records. The same evaluation was performed for the control group. In particular, previous history of acromegaly and its treatment and the complete hormonal pattern (GH, post-glucose GH nadir, IGF1, prolactin, basal thyroid, adrenal, and gonadic functions) were analyzed. Data from dynamic adrenal function assessed by the short Synacthen test (31) were included for all the patients. The stimulated GH secretion was assessed by arginine plus GH releasing hormone test (32) A series of metabolic parameters and cardiovascular risk factors, such as body mass index (BMI), fasting plasma glucose and fasting serum insulin (FG and FI), HbA1c, complete lipid profile (total cholesterol, lowdensity lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglycerides), systolic and diastolic blood pressure, were also investigated. In addition, blood samples were collected every 30 min during a 2 h 75 g oral glucose tolerance test (OGTT), which was performed in most non-diabetic patients (nZ75), for measuring glucose and insulin levels. Patients were considered affected by arterial hypertension and/or dyslipidemia when treated with antihypertensive or antihyperlipidemic drugs or according to the ATPIII criteria (34) . Diabetes mellitus and glucose tolerance alterations were defined according to the newly proposed cutoff values (35) . Different antidiabetic treatments were also considered.
Previous family and personal history for ischemic cardiovascular disease and current smoking status were also investigated. Family history was regarded as positive if first-grade relatives had a major cardio-or cerebrovascular event before the age of 55 years in males or 65 years in females.
Furthermore, the incidence of new cardio-(i.e. angina or AMI) or cerebrovascular events (i.e. transitory ischemic attack (TIA), and stroke) after radiotherapy or surgery was investigated based on the patient certified charts and by a series of instrumental evaluation such as cardiac echo-color Doppler ultrasound, basal and dynamic ECG, and cerebral magnetic resonance imaging as appropriate. Evidence of chronic coronary heart disease or cerebral vasculopathy was also registered. The entire study protocol was approved by both local ethical committees.
Procedures and assays
Concerning the megavoltage CRT, the median dose delivered was 50 Gy (range: 43-55), fractionated in 30-35 sessions (1.5G1.8 Gy for each application).
Patients (70%) were irradiated with a three-field technique, using a 60 Co source (13) , whereas no information could be obtained on the technique used for the remaining patients who had been treated in other centers. The GKRS treatment was performed only in patients followed in Milan, the median dose being 45 Gy (range: 30-80), the median margin dose 21 Gy (range: , and the median percentage isodose 50 (range: 45-60). A detailed description of GKRS has been reported previously (15, 18) .
Serum GH levels were assessed in Milan utilizing a highly sensitive two-site monoclonal immunofluorometric assay (AutoDelfia kit, Wallac, Inc. OY, Turku, Finland), the standards being calibrated against the first WHO IRP 80/505. In Wuerzburg, the GH was measured utilizing a chemiluminescence method (DPC Immulite 2000, Los Angeles, CA, USA), the standards being calibrated against the WHO NIBSC 2nd IS 95/574. The detection limit of both assays was 0.01 mg/l. Serum IGF1 concentrations were assessed in Milan by the commercial radioimmunometric assay kit of Mediagnost (Tü bingen, Germany) until 2008. The intra-and inter-assay coefficients of variation (CV) were 3.2 and 8.9% respectively. Afterwards and in Wuerzburg, the chemiluminescence method by DPC Immulite 2000 was used (intra-and inter-assay CV below 8%). The IGF1 values were compared to the appropriate sex-and age-adjusted range and expressed as SDS. Serum cortisol, TSH, free thyroxine, and prolactin levels were determined by an immunofluorometric assay (AutoDelfia kit). All the other hormonal, biochemical, and metabolic parameters were measured by standard procedures. 
Statistical analysis
The results are expressed as meanGS.D. The area under the response curve (AUC) of glucose and insulin during the OGTT were estimated according to the trapezoidal method. The differences between baseline and the last visit was calculated as follows: delta percentage (D%)Z 100!(baseline valueKlast value)/baseline value. A paired or unpaired Student's t-test was performed to compare different variables when data were normally distributed. Otherwise, the non-parametric Wilcoxon or Mann-Whitney U tests were used. A Fisher's exact test or a c 2 test, as appropriate, was used to compare categorical data. Correlations between different parameters were evaluated by linear regression analysis for continuous variables or logistic regression analysis for dichotomic variables. Differences between curves were evaluated by a regular two-way ANOVA followed by the Bonferroni post hoc test. Longitudinal evaluations were performed by Kaplan-Meier method, and differences between subgroups were evaluated by log-rank test. The hazard ratio (HR) and the 95% confidence interval (95% CI) of ratio were reported. Factors associated with major ischemic events at a significance level of !0.10 were entered into a stepwise forward analysis to establish the rank of predictors (multivariate Cox regression analysis). All statistical examinations were performed using GraphPad Prism (Version 4.0; San Diego, CA, USA) or SPSS (Version 11.0, SPSS, Inc., Chicago, IL, USA). Values of P!0.05 were considered statistically significant.
Results

Hormonal data (GH/IGF1 secretion and pituitary functions)
The median period of follow-up in the RT was 16.5 years (range: 2-40), being slightly longer than that in the Table 2 Clinical and hormonal characteristic of cured acromegalic patients treated with radiotherapy (RT group) or surgery alone (control group) at the last visit after a long-term follow-up.
RT group (nZ42)
Control group (nZ56) P control group (13 years, range: 2-30, P!0.05). The entire duration of active acromegaly disease was also longer in the RT group (Table 2) . However, most importantly, the period elapsed from the time of treatment till the documented remission of acromegaly was not different between the two groups ( Table 2) . Even if the mean GH and IGF1 levels recorded at baseline were higher in controls, all of which were newly diagnosed acromegalics, than in RT patients (Table 1) , at the last follow-up visit, they were superimposable between the two groups ( Table 2 ). In particular, IGF1 levels were below the normal range in a similar proportion of patients (14% of RT and 11% of control patients, P: NS). The IGF1 SDS values negatively correlated only in the RT group with the duration of the entire follow-up (P!0.05, rZ0.30) and with the BMI values (P!0.01, rZ0.44). The post-glucose GH nadir levels were higher in RT patients than in controls (0.37G0.23 vs 0.23G0.26 mg/l, P!0.05), and a lower, but not significantly, number of RT patients had a GH nadir below the new cutoff of 0.4 mg/l (36) with respect to the controls (59 vs 80%, PZ0.06).
As expected, the number of patients with one or more anterior-pituitary failures was always higher in the RT than in the control group (86 vs 30%, P!0.0005). GH deficiency was also more frequent among the RT patients ( Table 2 ). The hormonal insufficiencies observed at the last visit are shown in detail in Table 2 . All the pituitary deficits were adequately substituted with appropriate hormonal replacement therapy. In particular, patients with hypoadrenalism received either cortone acetate per os (nZ18, median dose 25 mg/die) or hydrocortisone per os (nZ10, median doseZ15 mg/die, range: 10-30). Only ten hypogonadic females, three hypogonadic males, and 21 GHD patients (13/17 in the RT and 8/9 in the TNS group, P NS) were not treated with replacement treatment due to recent discovery of the insufficiencies, advanced age, or patient's refusal.
Cardiovascular risk factors (BMI, glucose metabolism, insulin resistance, blood pressure, and lipid profile)
The number of patients with a positive family or personal previous history of ischemic disease and the number of smokers were similar between the RT and the control groups (Table 2) .
At baseline, RT patients and controls were comparable in terms of BMI, glucose levels, insulin resistance, blood pressure, and lipid profile (Table 1 and Fig. 1 ). During the follow-up, the mean BMI values significantly increased in both the groups (Tables 1  and 2 , both P!0.005). In spite of this, FI levels slightly decreased, though not significantly, over time in both the RT and the control groups (from 12.8G6.7 to 8.5 G6.2 and from 13.8G6.7 to 7.9G5.0 mUI/l respectively, both PZ0.08). On the other hand, no significant changes of either fasting or post-2 h OGTT glucose or HbA1c levels were found in both the groups. Nevertheless, the post-OGTT glucose AUC levels (AUCglu) decreased only in patients treated with surgery alone (from 16.8G3.6 to 14.4G4.0 g/dl per 120 min, PZ0.05 versus baseline and PZ0.06 versus the RT group). The AUCglu D% with respect to baseline was also significantly different between RT patients and controls (C10.4G35% vs K9.5G24%, P!0.05). These last findings might be somehow influenced by a worse baseline glucose tolerance observed in the control group (Fig. 1) ; however, the trend of the glucose curve after OGTT evolved clearly differently over time in the two groups, becoming significantly higher at the last visit in the RT group (P!0.005 by two-way ANOVA, Fig. 2) . No other significant changes in the evaluated cardiovascular risk factors and metabolic parameters were observed over the time (Table 2) , including the need of anti-diabetic, anti-hypertensive, and antidyslipidemic therapies.
Considering the percentages of patients affected by different metabolic alterations, the number of subjects with different glucose tolerance alterations (diabetes mellitus, impaired glucose tolerance (IGT), and IFG) decreased during the follow-up in the control group (from 37 to 20%, PZ0.05), whereas slightly increased in the RT group (from 14 to 26%, P: NS). On the other hand, the proportion of overweight, hypertensive, and dyslipidemic subjects increased among the RT patients (Fig. 1) . Therefore, the number of patients with at least one cardiovascular risk factor significantly rose over the time in the RT group (Fig. 1 ). This trend was not associated with either the presence of pituitary failures, including hypoadrenalism and/or GHD per se, or with any hormonal replacement therapy.
Comparison between CRT and GKRS
The length of the entire follow-up and of the time passed since the definitive remission of acromegaly was longer in patients treated with CRT than in those treated with GKRS (19 vs 11 years and 7.5 vs 5 years respectively, both P!0.05). Nevertheless, the time passed between radiotherapy and disease remission and thus the entire duration of active disease were similar between the two subgroups (Table 3) . Basal GH levels were lower in the fractionated external RT than in the GKRS subgroup, but both the GH nadir levels and the IGF1 SDS were similar ( Table 3) . The number of patients with one or more anterior-pituitary failures at the last follow-up visit was higher in the CRT than in the GKRS subgroup (97 vs 55%, P!0.005, Table 3 ), the most important differences being the frequency of multiple deficiencies (74 vs 9%, P!0.0005) and secondary hypoadrenalism (68 vs 9%, P!0.005). The occurrence of new pituitary deficiencies was higher among patients treated with CRT, even adjusting it for the entire duration of follow-up. Despite all these disparities, no significant differences were observed in the changes of metabolic parameters and cardiovascular risk factors between the two different RT subgroups, except for triglycerides levels (Table 3) .
Cardio-and cerebrovascular morbidity (acute events and chronic diseases)
A total of four patients in the RT group (three males and one female) and three patients in the control group (three males) developed a major cardio-or cerebrovascular event during the entire follow-up (9.5 vs 5.3% of total, P: NS). In particular, two patients in the CRT subgroup developed a coronary heart disease (2 AMI, 4.7% of RT patients, 6.4% of CRT patients, P: NS versus GKRS subgroup and control group). On the other hand, five patients had a cerebrovascular accident. Two were in the GKRS subgroup (2 TIA, 4.7% of RT, 18% of GKRS, PZ0.063 versus CRT) and three in the control group (2 TIA and 1 stroke, 5.3% of controls, P: NS versus RT). None of these events was fatal. The overall median period elapsed from the time of treatment was 78 months (range: 24-300) in the RT group and 48 months (range: 24-60) in the control group (PZ0.37).
At the Kaplan-Meier analysis, only the male gender resulted highly associated with the development of a major cardiovascular event (P!0.005, HRZ15.0, 95% CIZ3.0-60.4). Other known risk factors such as hypertension (PZ0.12, HRZ3.2, 95% CIZ0.7-12.2) and advanced age (PZ0.29, HRZ2.0, 95% CIZ0.5-9.7) were only slightly associated with the risk of cardio-or cerebrovascular events. On the contrary, the duration of the follow-up, previous RT (including subdivided CRT and GKRS), secondary hypopituitarism (including secondary hypoadrenalism by itself), replacement therapy, post-OGTT GH nadir levels, IGF1 SDS, obesity, and glucose metabolism or lipid profile alterations resulted as not predictive. In the multivariate analysis, including gender, age, and presence of hypertension besides type of treatment and pituitary deficits, only male gender and age were the significant predictive factors. No factor remains significant when the analysis was corrected either for the duration of the follow-up or for the period passed from disease remission.
Another female patient in the control group showed evidence for chronic coronary (i.e. anterior interventricular trunk) occlusion. Including her in the univariate analysis (log-rank test), the results did not substantially change. In addition, one female patient treated with CRT died from pulmonary venous thromboembolism at the age of 74 years, after 27 years from treatment. She was also suffering from arterial hypertension, IGT, and multiple pituitary failures.
Finally, two patients, who previously underwent CRT, developed a meningioma after 23 and 22 years from therapy (PZ0.18 versus control group).
Discussion
In this study, we demonstrate that the RT is not able to revert most of the acromegaly-related cardiovascular risk factors, even when it is successful from an endocrine perspective. In previous papers, we already evaluated the efficacy of RT, both as fractionated external CRT and as GKRS, on biochemical remission and on tumor growth (13, 15, 18) . In this study, we strictly focus on the effects of RT on several risk factors, which may be partly responsible for the increased Figure 2 Glucose levels during oral glucose tolerance test in cured acromegalic patients treated with radiotherapy (RT group, A) or surgery alone (control group, B) before the corresponding treatment (baseline) and at the last visit after a long-term follow-up (both P NS versus baseline by two-way ANOVA for repeated measures). The entire curve recorded at the last visit was significantly different between the two treatment groups (P!0.005 by two-way ANOVA).
mortality in acromegaly (2, 7, 8) . The inclusion criteria and the study protocol were carefully designed in order to exclude possible confounding factors and biases. In particular, to avoid the influence of GH/IGF1 hypersecretion and to leave out the known metabolic effects of SSa administration (21), we studied only patients cured by surgery plus RT without concomitant pharmacotherapy, comparing them with patients treated with surgery alone. As expected, the number of subjects with anterior pituitary insufficiencies was much higher among subjects treated with RT (18, 34) . As far as the metabolic and cardiovascular parameters are concerned, an improvement in the glucose response to OGTT was observed only in the control group. In addition, the number of patients with altered glucose tolerance decreased over time in controls only, while the number of obese, dyslipidemic, and hypertensive subjects increased in the RT group (even if they were similar in the two groups at the end of follow-up). These findings might be explained by either the higher prevalence of pituitary deficiencies, which also correlated with the AUCglu values, or the respective hormonal replacement therapies in the RT group.
However, also due to a relatively small number of patients, we did not find a direct relationship in the presence of hypopituitarism (including hypoadrenalism and GHD) on cardiovascular risk factors. Another possible explanation might be the longer time of follow-up and the longer duration of active acromegaly before remission in the RT group. In addition, with regard to hypertension, a possible direct role of RT on hypothalamic centers responsible for blood pressure control could be hypothesized. Moreover, the alterations in glucose homeostasis might reflect a different GH secretion pattern after RT and TNS. The latter hypothesis has been suggested by previous studies (37) and might be consistent with the higher post-OGTT GH nadir values observed in our RT series despite a higher proportion of GHD patients. Thus, the longterm effects of RT, which is often and inevitably associated with pituitary failures and a long previous duration of active disease, on cardiovascular risk factors seem to be not fully comparable to those obtained with surgery alone. Rather, surgery remains the only treatment with a proven positive effect on overall metabolic alterations (19) (20) (21) . A similar occurrence of major cardio-or cerebrovascular events was observed in the RT and the control patients (9.5 vs 5.3%). Most were cerebrovascular incidents (five out of seven events) and none was fatal. The only predictive factor in our series was male gender, whereas age and hypertension played a secondary role. Previous reports described an increased risk of overall and cerebrovascular mortality after pituitary irradiation and/or in hypopituitarism (24) (25) (26) (27) (28) , including central hypoadrenalism per se and hydrocortisone replacement therapy (25, 38) . Interestingly, in this study, neither previous RT nor hypopituitarism nor replacement therapies (including adrenal insufficiency and glucocorticoid replacement therapy) were relevant factors predictive for cardiovascular events. It is likely that again the relatively small number of patients did preclude the chance to observe an increase in mortality/morbidity after RT due to the rarity of these events. Nevertheless, several further hypotheses might be proposed to explain the differences with previous reports. First of all, we directly compared only acromegalic patients cured according to the criteria valid at the time of the evaluation (thus including the post-glucose GH nadir, 26, 27), while off pharmacological treatment. In fact, even if it has been recently shown that probably acromegaly does not directly increase the risk for coronary artery disease (6), a role of GH/IGF1 excess on cardio-and cerebro-vascular morbidity/mortality has also been suggested (7, 8) . In contrast, most of the previous works considered either different pituitary adenomas (24, 27) or a mixed series of controlled and not controlled acromegalic patients (7, 8, 24, 25) , defining the disease remission by nonspecified criteria (7, 24, 25) or by basal GH levels alone (8) . Moreover, concerning the impact of glucocorticoid replacement therapy, our patients were treated with lower doses of hydrocortisone than those reported by Sherlock et al. (25) and a different corticosteroid (cortone acetate) was used in most of the patients. Finally, the progressive increase in the number of hypertensive, obese, and dyslipidemic patients observed in the RT group might eventually lead also to an increased risk of cardio-and cerebro-vascular events, which we were not able to detect due to the rather small number of patients. In conclusion, larger epidemiological studies are needed to clarify the impact of both previous RT and secondary hypopituitarism on cardioand cerebrovascular morbidity in acromegaly. Considering that chronic SSa administration has been shown to impair glucose metabolism (21) , another study comparing the long-term effects of RT and SSa would also be of major interest.
The two different RT methods, namely CRT and GKRS, were also compared. It is currently recognized that GKRS has an efficacy on hormonal secretion similar to that of CRT, even if it requires a slightly shorter period to induce disease remission (10, 39, 40) and usually causes fewer pituitary failures. Moreover, so far, an increased mortality from cerebrovascular disease has only been reported after treatment with CRT (7, 8, 24, 25) . Our results demonstrated that, despite a longer period passed from acromegaly remission, lower GH and IGF1 levels, and a higher amount of pituitary failures (particularly of ACTH deficiency) among patients treated with CRT, the long-term effects of both the evaluated RT techniques on cardiovascular risk factors and on the cardio-or cerebro-vascular events were similar. However, we could hypothesize that the significantly lower IGF1 SDS in the CRT subgroup, which was the most numerous, could be co-responsible of a higher glycemic derangement. Finally, a relatively higher risk of developing iatrogenic meningioma was observed only after CRT. Again, the number of patients treated with GKRS was too small to draw firm conclusions.
In summary, both CRT and the GKRS are not able to fully reverse all the cardiovascular risk factors, despite inducing a complete biochemical remission of acromegaly. This holds true in particular for alterations of glucose metabolism. Thus, careful monitoring of glucose tolerance is advised in patients after RT. However, we found no evidence that radiotherapy for acromegaly is directly linked per se to an increased risk of cardio-or cerebro-vascular events, although larger epidemiological studies will be needed to fully elucidate the effects of RT on cardiovascular outcome.
Our findings may contribute to the current debate on the management of acromegaly (41, 42) , confirming again that surgery remains the gold standard treatment. Nonetheless, RT currently remains useful as a salvage therapy for acromegalic patients not cured by surgery and/or not responding to pharmacotherapy.
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